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NOISE REDUCTION CIRCUIT 

BACKGROUND OF THE INVENTION 

The present invention generally relates to a noise 
reduction circuit, and in particular to a noise reduction 
circuit for effectively reducing noise components of a 
signal such as a video signal processed in a video tape 
recorder. 
FIG. 1(A) is a systematic block diagram of a conven 

tional noise reduction circuit (see the U8. Pat. No. 
4,563,704, for example). Referring to this ?gure, an 
input video signal a as shown in FIG. 2(A) which is 
applied to an input terminal 11 is fed to a high-pass ?lter 
12, at which high frequency components b as shown in 
FIG. 2(B) are extracted from the video signal. A limiter 
13 amplitude-limits the high frequency components 
passing through the high-pass ?lter 12. Then, the limiter 
13 provides a subtractor 14 with the amplitude-limited 
high frequency component signal, or a noise component 
signal c as shown in FIG. 2(C) through a coef?cient 
circuit 16 for giving the output of the limiter 13 a prede 
termined coef?cient k (k is an arbitrary number). The 
subtractor 14 subtracts the noise component signal c 
from the video signal a and provides an output terminal 
15 with an output signal d’ as shown in FIG. 2(D) in 
which the noise components are reduced. 
However, the conventional noise reduction circuit 

described above has a disadvantage in that partial signal 
loss is introduced in a rising part of the output signal d’ 
changing from black level to white level, as indicated 
with P in FIG. 2(D). In addition, the conventional cir‘ 
cuit has another disadvantage in that the noise compo 
nents still remain at that rising part of the output signal 
d’ as shown in FIG. 2(D). 
FIG. 1(B) illustrates another conventional noise re 

duction circuit (see the above publication, for example). 
In this ?gure, the input signal applied to the terminal 11 
is supplied to a low-pass ?lter 17 and a delay circuit 19. 
The latter delays the received signal by a predetermined 
time and provides subtractors 14 and 18 with the de 
layed input signal. The subtractor 18 subtractors an 
output signal of the low-pass ?lter 17 from an output 

_ signal of the delay circuit 19 and feeds a subtracted 
result through the limiter 13 to the subtractor 14. Then, 
the subtractor l4 subtracts the output signal of the lim 
iter 13 from the output signal of the delay circuit 19, and 
supplies an output signal to the terminal 15. 
Although the noise reduction circuit in FIG. 1(B) 

effectively reduces the noise components as compared 
with the circuit in FIG. 1(A), it still has a disadvantage 
in that signal loss is brought about at the rising part of 
the output signal changing from black level to white 
level at the terminal 15. This is mainly because subtrac 
tion between the output signal of the delay circuit 19 
and the output signal of the limiter 13 which have the 
same phase and time relationship as each other is per 
formed. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide a novel and useful noise reduction 
circuit in which the problem described heretofore is 
eliminated. 
_ Another and more speci?c object of the present in 
vention is to provide a suitable noise reduction circuit 
for video recording and/ or reproducing apparatus, the 
circuit comprising ?rst means for extracting a relatively 
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2 
high frequency component of an input signal and ampli 
tude-limiting a component of said extracted high fre 
quency component exceeding a predetermined level; 
second means for delaying said input signal by a prede 
termined time; and third means for adding an output 
signal of said ?rst means and an output signal of said 
second means, and outputting an added result as an 
output signal of said noise reduction circuit. 

Other objects and further features of the present in 
vention will be apparent from the following detailed 
description when read in conjunction with the accom 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(A) is a systematic block diagram of a conven 
tional noise reduction circuit, 
FIG. 1(B) is a systematic block diagram of another 

conventional noise reduction circuit, 
FIG. 2 shows signal waveforms at each part of the 

block diagram inFIG. 1(A), 
FIG. 3(A) is a systematic block diagram of a ?rst 

embodiment according to the present invention, 
FIG. 3(B) is a circuit diagram of a delay circuit 

shown in FIG. 3(A), 
FIG. 4 shows signal waveforms at each part of the 

block diagram in FIG. 3(A), 
FIG. 5 is an equivalent block diagram with regard to 

the block diagram of FIG. 3(A) when noise components 
which are not amplitude-limited by a limiter are consid 
ered, 
FIG. 6 shows a delay time v. frequency response of 

the delay circuit in FIG. 3(A), 
FIG. 7 shows an amplitude v. frequency response of 

the con?guration in FIG. 3(A), 
FIG. 8 is a block diagram for explaining the transfer 

function of a basic part in the noise reduction circuit 

40 

45 

50 

55 

60 

65 

according to the present invention, 
FIG. 9 shows transfer function v. frequency charac 

teristics of the basic part in the noise reduction circuit 
according to the present invention, 
FIG. 10 is a block diagram for explaining the transfer 

function of the whole con?guration of the noise reduc 
tion circuit according to the present invention, 
FIG. 11 shows a transfer function characteristic of 

the whole con?guration of the noise reduction circuit 
according to the present invention, 
FIG. 12 shows another delay response of the delay 

circuit in FIG. 3(A), 
FIG. 13 shows an amplitude v. frequency response of 

the delay circuit having the delay characteristic shown 
in FIG. 12, 
FIG. 14 shows still another delay characteristic of the 

delay circuit in FIG. 3(A), 
FIG. 15 is a systematic block diagram of a second 

embodiment according to the present invention, 
FIG. 16 is a systematic block diagram of a third em 

bodiment according to the present invention, 
FIG. 17‘shows an amplitude v. frequency response of 

an output signal of a subtractor shown in FIG. 16, 
FIG. 18 shows amplitude v. frequency responses of 

an output signal of an adder shown in FIG. 16, 
FIG. 19 shows signal waveforms at each part of the 

block diagram in FIG. 16, and 
FIG. 20 is a systematic block diagram of a fourth 

embodiment according to the present invention. 
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DETAILED DESCRIPTION 

Referring to FIG. 3(A) which illustrates a con?gura 
tion of the ?rst embodiment according to the present 
invention, an input signal a as shown in FIG. 4(A) such 
as a video signal having noise components is applied to 
both a high-pass ?lter 20 and a delay circuit 21 via the 
input terminal 11. The delay circuit 21 made up of an 
LC ?lter, for example, delays the input signal a by a 
predetermined time A1‘. The amount of the delay time 1 
is determined, taking into consideration not only the 
period of time during which noise components are 
being limited at a limiter 22 but also the frequency of 
noise components to be reduced. The delay circuit 21 
can be formed with a concrete circuit as shown in FIG. 
3(B). The delay circuit of this example is formed by the 
combination of inductors L1, —L2, L3 and L4 and 
capacitors C1, C2, C3 and C4. Of course, it is possible to 
employ other con?gurations such as a glass delay cir 
cuit. The input signal a is delayed by the time AT and is 
then fed to one of terminals of an adder 24 as a signal d 
shown in FIG. 4(D). On the other hand, the video sig 
nal a is ?ltered by the high-pass ?lter 20, which outputs 
a signal b of high frequency components shown in FIG. 
4(B). The signal b is supplied to the limiter 22, which 
outputs a noise component signal c shown in FIG. 4(C). 
Then, the noise component signal c is applied to the 
other input terminal of the adder 24 through a coef?ci~ 
ent circuit 23 which weighs the signal d with a predeter 
mined coef?cient k (k is an arbitrary number), as will be 
discussed later. In principle, the use of the coef?cient 
circuit 23 is not necessarily to achieve the generic ob 
ject of the invention. However, in the practical use of 
the invention, it is preferably to use the coef?cient cir 
cuit 23. An attenuator may be utilized as the coef?cient 
circuit 23. The adder 24 provides the output terminal 15 
with an output signal e shown in FIG. 4(E). It will be 
apparent from FIG. 4(E) that the output signal e at the 
terminal 15 has no signal loss at the rising part changing 
from black level to white level. Of course, no noise 
component exists at the rising part of the signal e as 
illustrated in FIG. 4(E). In this case, although a signal 
part just prior to the rise part from black level to white 
level still have noise components, those components do 
not cause substantial visual problems, because the level 
of the noise components is near the black level. 
The description will now be given of reasons why the 

noise components are reduced without loss of the sig 
_ nal, and the signal e as shown in FIG. 4(E) is thus ob 
tained. Consider noise components which are not ampli 
tude-limited by the limiter 22. In this case, the con?gu 
ration shown in FIG. 3(A) equivalently corresponds to 
a con?guration shown in FIG. 5. Under this situation, 
assume that the delay time v. frequency response, or the 
delay characteristic of the delay circuit 21 is ?at as 
shown in FIG. 6 and that the amplitude characteristic 
thereof is also ?at. Under those conditions, the output 
signal of the delay circuit 17 has an inverted phase rela 
tionship with respect to its input signal a at a frequency 
f1 satisfying f lz(i)(l/ A1), while the output signal has 
the same phase relationship as the input signal a at a 
frequency f2 satisfying f2: l/AT. Accordingly, the 
amplitude v. frequency response of the output signal e 
of the adder 24 has a dip whose amplitude A1112 
0log(l —k) at the frequency f1, and a peak whose ampli 
tude A2=2Olog(l+k) at the frequency f2, as shown in 
FIG. 7. When Arz280ns, for example, fl z l.8MHz 
and f2:3.6MHz. The delay time of this example is 
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4 
selected, taking into consideration the frequency range 
(lMHz—2MHz) of the noise components within which 
there exists visually most conspicuous noise compo 
nents on the video signal. In case of popular home video 
recording and reproducing apparatus, the luminance 
signal in the video signal to be frequency-modulated 
ranges up to 3.0MHZ, it is unnecessary to take into 
consideration the output signal of the frequency f2 as 
the i2 is normally out of the frequency range of the 
luminance signal. As a result, it is possible to obtain the 
output signal e in which the noise components in the 
vicinity of the frequency flzl.8MHz is considerably 
reduced, as shown in FIG. 7 with the higher frequency 
components above 1.8MHz less attenuated. 
Now consider the relationship between the frequency 

and the transfer function in the noise reduction circuit in 
FIG. 3(A). Supposing that the delay time of the delay 
circuit 21 is represented as Td and its coef?cient is 
e‘imTd and that the transfer function between theinput 
x and the output y is H(cu), the following equations can 
be obtained: 

Therefore, the transfer function v. frequency character 
istics with coef?cients k as parameters, are as shown in 
FIG. 9. It will be understood from this ?gure that the 
transfer function of the delay circuit 22 depends on the 
coef?cient k. 

Further, assume that the delay time of the high-pass 
?lter 20 is represented by Tc and its coef?cient is 
(jwTc)/(l +jwTc), the following equations can be ob 
tained: 

Therefore, the transfer function v. frequency character 
istic as shown in FIG. 11 is obtained. 
The above equations f1z(§)(l/ Ar), and fZz l/Ar are 

satis?ed when the cut-off frequency fc of the high-pass 
?lter 20 is considerably small as compared with the 
frequency f1. The relationship between fl and fl is a 
little different from the above relationship when the 
phase characteristic of the high-pass ?lter 20 cannot be 
ignored. In this case, the frequency fmin is shifted from 
the frequency f1 by the amount corresponding to the 
amount of the phase which is led at the high-pass ?lter 
20. . 

In the con?guration shown in FIG. 3(A), the delay 
response of the delay circuit 21 is not limited to be flat 
as shown in FIG. 6, and the delay response shown in 
FIG. 12 in which the amount of the delay time varies as 
the frequency, may be employed (whereas the ampli 
tude response is ?at). In this case, assume that 
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f3=(%)(l/A'r3), and f4=/Ar4, the frequency character 
istic of the delay circuit 21 as shown in FIG. 13 in 
which f5 zf3 and f6zf4, is obtained. It will be apparent 
from FIG. 13 that it is possible to set the frequency f2 
higher (3.6MI-Iz, for example) than the frequency f5 
(SMHz, for example) shown in FIG. 7, and it is there 
fore possible to further reduce the noise components of 
the frequency range in which the noise is especially 
conspicuous, as compared with the case shown in FIG. 
7. 

Moreover, it is possible to use an arbitrary delay 
response as shown in FIG. 14 (in this case, the ampli 
tude response is ?at). 

Still further, it is possible to obtain an output signal as 
shown in FIG. 4(F) when the delay time of the delay 
circuit 21 is set to A'r/2. In this case, noise components 
still remain immediately after the rise of the signal 
changing from black level to white level. However, the 
noise components do not cause the visual problems, 
because the levels of those noise components are over 
the white level. ’ 

FIG. 15 illustrates a con?guration of the second em 
bodiment according to the present invention. In this 
?gure, elements indicated by the same numbers as those 
in FIGS. 1(A) and 3(A) are the same elements as those 
in FIGS. 1(A) and 3(A). The second embodiment corre 
sponds to the combination of the con?gurations shown 
in FIGS. 1(A) and 3(A). In detail, the noise reduction 
circuit shown in FIG. 3(A) follows the con?guration 
shown in FIG. 1(A). That is, a ?rst stage of the noise 
reduction circuit in FIG. 15 consists of the input termi 

r1131 11, the high-pass ?lter 12, the limiter 13, the coef?ci 
ent circuit 16 having a coef?cient k1 and the subtractor 
14. A second stage consists of the high-pass ?lter 20, the 
limiter 22, the coefficient circuit 23 having a coef?cient 
k2, a delay circuit 25, the adder 24 and the output termi 
nal 15. The delay circuit 25, which has a similar con?g 
uration as the delay circuit 21, delays the output signal 
d’ of the subtractor 14 by the time Ar/2. 

In the operation, the signal d’ shown in FIG. 2(D) is 
delayed by the time Ar/2- at the delay circuit 25 and is 
then processed by the second stage of the noise reduc 
tion circuit in a similar way as the ?rst embodiment in 
FIG. 3(A). An output signal obtained at the output 
terminal 15 is as shown in FIG. 4(F). It will be apparent 
from this ?gure that the signal loss immediately after 
the rise from black level to white level is effectively 
compensated. As a variation of the second embodiment, 
the connection of the ?rst and second stages may be 
reversed. That is, the second stage described above 
receives the'input signal via the input terminal 11 and 
the output of the second stage is received by the ?rst 
stage, which supplies the output signal to the terminal 
15. According to this variation, it is also possible to 
obtain a similar output signal as the signal illustrated in 
FIG. 4(F). 
FIG. 16 illustrates a con?guration of the third em 

bodiments according to the present invention. In this 
?gure, elements indicated by the same numerals as those 
in FIG. 15 are the same elements as those in FIG. 15. 
The feature of the third embodiment is to remove a set 
of the high-pass ?lter 20 and the limiter 22 in FIG. 15. 
That is, the signal c from the limiter 13 is directly sup 
plied to the coef?cient circuit 23 without passing 
through the high-pass ?lter 20 and limiter 22 in FIG. 15. 
In operation, an output signal d" from the subtractor 14 
shown in FIG. 19(C), in which noise components still 
remain, is delayed by the time Ar/2=(%)TL (TL repre 
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6 
sents the period of time in which the amplitude is lim 
ited at the limiter 13) by the delay circuit 25. Then, a 
signal f shown in FIG. 19(D) derived from the delay 
circuit 25 is added by the adder 24 to the signal c shown 
in FIG. 19(B) which passes through the coef?cient 
circuit 23. Then the adder 24 outputs a signal g shown 
in FIG. 19(E). As shown in FIG. 19(E), although the 
noise components having a relatively small amplitude 
remain at the part just prior to the rise of the signal g, 
and the noise components having a relatively large 
amplitude also remain at the part immediately after the 
rise thereof, the noise duration time in the signal g is 
made half as much as that of the signal d” shown in 
FIG. 19(D). In addition, the signal loss at the rising part 
thereof of the signal g is improved as compared with the 
signal d". 

In the noise reduction circuit in FIG. 16, the ampli 
tude v. frequency response of the output signal d” from 
the subtractor 14 is as shown in FIG. 17, and the ampli 
tude v. frequency response of the output signal g from 
the adder 24 is as shown in FIG. 18. It will be under 
stood from comparison between those ?gures that the 
third embodiment is capable of effectively reducing the 
noise components in the vicinity of the frequency f1, as 
compared with the conventional circuit. It is also possi 
ble to obtain the amplitude v. frequency response repre 
sented by the solid line or the dotted line in FIG. 18, by 
setting an appropriate delay time in the delay circuit 25 
(AT1>AT2, in this example). 
FIG. 20 illustrates the fourth embodiment according 

to the present invention. In this ?gure, elements indi 
cated by the same numerals as those in the previous 
?gures are the same elements as those in the previous 
?gures. The feature of the fourth embodiment is in that 
an equalizer 26 is interposed between the limiter 22 and 
the coef?cient circuit 23. The equalizer 26 is directed to 
reduce high-frequency noise components which are 
introduced into the amplitude-limiting process at the 
limiter 22. That is the equalizer 26 passes noise compo 
nents of the output signal of the limiter 22 without re 
ducing thereof yet dulls the waveforms of the noise 
components appropriately. Therefore, the fourth em 
bodiment can reduce high-frequency noise components 
which are not originally included in the input signal at 
the terminal 11 and also which is generated in the limit 
ing process at the limiter 22. 
The present invention is not limited to these embodi 

ments, but various variation and modi?cations may be 
made without departing from the scope of the present 
invention. 
What is claimed is: 
1. A noise reduction circuit comprising; 
?rst means for extracting a relatively high frequency 
component of an input signal and then amplitude 
limiting a component of said extracted high fre 
quency component exceeding a predetermined 
constant level, 

second means for delaying said input signal by a pre 
determined time AT, and 

third means for adding an output signal of said ?rst 
means and an output signal of said second means, 
and outputting an added result as an output signal 
of said noise reduction circuit. ' 

2. A noise reduction circuit as claimed in claim 1, 
wherein said ?rst means further comprises coef?cient 
means for weighing said output of said ?rst means with 
a predetermined coef?cient. 



wherein an amplitude v. frequency response of said 
second means is nearly flat. 
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3. A noise reduction circuit as claimed in claim 1, 
wherein said predetermined time A?‘ is constant as a 
function of frequency. 

4. A noise reduction circuit as claimed in claim 1, 

5. A noise reduction circuit as claimed in claim 1, 
wherein said delay time Ar of the second means satisfy 
ing (§)(l/A*r)=fl is selected where fl is a representative 
frequency of predetermined noise component intended 
to be reduced, said predetermined noise component 
having said representative frequency being visually 
conspicuous compared to noise components other than 
said predetermined noise component. 

6. A noise reduction circuit as claimed in claim 5, 15 
wherein said delay time AT is set to approximately 280ns 
when said input signal is a video signal. 

7. A noise reduction circuit as claimed in claim 1, 
wherein a delay time v. frequency response of said 
second means varies as a function of frequency. 20 

8. A noise reduction circuit comprising: 
?rst means for extracting a relatively high frequency 
component of an input signal and then amplitude 
limiting a component of said extracted high fre 
quency component exceeding a predetermined 
constant level, 

second means for delaying said input signal by a pre 
determined time Ar, 

third means for adding an output signal of said ?rst 
means and an output signal of said second means, 
and outputting an added result as an output signal 
of said noise reduction circuit, 

fourth means for extracting a relatively high fre 
quency component of said input signal and ampli 
tude-limiting a component of said extracted high 35 
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8 
frequency component exceeding a predetermined 
level, and 

?fth means for subtracting an output signal of said 
fourth means from said input signal applied to said 
?rst means, so that an output signal of said fifth 
means is supplied to said ?rst and second means. 

9. A noise reduction circuit as claimed in claim 1, 
wherein said noise reduction circuit further comprises 
an equalizer for reducing a high frequency noise com 
ponent which is generated due to the limiting process 
by said ?rst means, and supplying said reduced high 
frequency component to said third means. 

10. A noise reduction circuit comprising, 
?rst means for extracting a relatively high frequency 
component of an input signal and amplitude-limit 
ing a component of said extracted high frequency 
component exceeding a predetermined constant 
level, 

second means for subtracting an output of said ?rst 
means from said input signal, 

third means for delaying an output of said second 
means by a predetermined time, and 

fourth means for adding an output of said ?rst means 
and an output of said third means. 

11. A noise reduction circuit as claimed in claim 10, 
wherein said predetermined time is set to a half of the 
period of time during which amplitude-limiting opera 
tion of said ?rst means is performing. 

12. A noise reduction circuit as claimed in claim 1, 
wherein said ?rst means includes a high-pass ?lter for 
extracting the relatively high frequency component of 
the input signal, said high-pass ?lter having a fast wave 
form rise in response to an input signal of step wave 
form. 

* i * * * 


